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0 A tablet for ophthalmic use with controlled release pf the active substance applicable both in the human and 
veterinary field. In said tablet a surface portion (a) is coated with polymer material (b) which is impermeable 
and/or insoluble or only slowly soluble in water, and can be further coated with bioadhesive polymer material (c). 



^ The tablet, which can be positioned in the conjunctival sac of he eye and remain there for a programmed 

^time period, enables the number of medicament administrations to be reduced and Is usable in particular for 

QQ prolonged therapeutic treatment. 

CO it is furthermore described a preparation method. 
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TABLET FOR OPHTHALMIC USE WITH CONTROLLED RELEASE OF THE ACTIVE SUBSTANCE 



Prior art 

The difficulties In administering medicaments for ophthalmic use are well known. In this respect. 

9 Introducing a foreign body In the eye (such as a drop of collyrium) results as reflex action In a considerable 
Increase In lacrimal secretion and an Increase in reflex blinking In an attempt to expel the "foreign body". 

This process resultis In rapid elimination of the administered active principle with the result that a 
therapeutically effective quantity of active principle can be maintained at the site of application only for a 
very limited time period. 

10 in order to increase the period for which a large quantity of medicament is maintained in the eye, 
pharmaceutical forms other than water-based collyria have been developed, such as water-based collyria 
containing viscosity-increasing substances and/or oily or llpophil solutions difficult to remove by the lacrimal 
aqueous liquid 

These forms have however various drawbacks and in any event require nurherdus applications during 
75 the course of the day, In addition, It is particularly difficult to maintain high medicament levels in situ during 
the night 

to obviate these difficuities therapeutic systerris for ophthalmic use have been developed in recent 
years which, when Inserted into the conjunctival sac of the eye, release the active principle contained In 
them at a constant rate for a prolonged time period. 
20 The therapeutic systems cunrently available for ophthalmic use can be divided into two classes; 

- matrix systems 

- reservoir systems. 

Both hydrogel and soluble ocular Inserts pertain to the first class. 

i-lydrogel Inserts consist mainly of hydrophli polymer material which, when in contact with the lacrimal 
25 liquid, swells slowly and is transformed into hydrogei. 

if medicaments are vehlcled in the polymer material, high medicament, levels can be obtained In the 
application site with this type of therapeutic system. 

However, this system is not alwayis vyeil tolerated, because of the large degree of swelling of the 
polymer material consequent on its hydration. 
30 Soluble ocular inserts consist essentially of hydrophli polymer materials which when in contact with the 
lacrimal liquid absori? water to dissolve slowly and increase the viscosity of the lacrimal liquid. 

With systems of this type the vehicled active principle (such as pilocarpine, hydrocortisone, gentamicin 
etc.) Is maintained for a longer period in contact with the absorption site, mainly because of the increased 
viscosity of the lacrimal liquid. 
35 This system has however the drawback of not allowing the rate of release of the active principle to be 
controlled and of resulting In large variations between individuals. 

Orie reservoir system of considerable interest is the "Ocusert" system, in which the medicament Is 
contained in a deposit surrounded by a polymer membrane which controls its release rate. 

Although this is a technologically advanced system, it Is of high cost and has other drawbacks such as 
40 being disturbing to the patient and tends to be expelled spontaneously during sleep. 

A system for the controlled release of active substances has been patented under European patent 
application No. 86116649.4 in the name of COLOMBO Paolo et al. 

This system consists of a core comprising the active substance arid a poiyrrier material having a high 
degree of swelling, plus a support consisting of an insoluble polymer material which partly coats said core. 
45 In this system the primary factor which controls the release of the active substance Is the swelling of 
the pblymef material in the core. 

Summary of the invention 
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According to the present invention, we have now discovered a tablet for ophthalmic use which enables 
active substances of different solubility to be vehicled and provides a therapeutic response for a prolonged 
tirne period, thus obviating the drawbacks of the known art. 

Said tablet consists of. 
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- a matrix (a) of defined geometrical form containing the active substance and suitable exclpients 
and/or additives able to give tlie mixture the characteristics required for its compression; 

- a polymer coating (b) applied to a portion of the surface of said matiix such as to make the coated 
matrix portion Impermeable or slowly permeable; 

• a layer (c) of bioadheslve polymer material applied to said coating (b). 

The layer (c) of bioadheslve polymer material can also be absent from the embodiment, depending on 
the characteristics of said coating (b). In this respect, if the polymer material used for the coating (b) 
possesses sufficient bioadheslve properties the two required functions are both perfonmed by this coating. 



Detailed description of the Invention 

A schematic representation of tiie tablet embodiment according to the present invention is shown in 
Rgure 1 in which (a) indicates the tablet matrix, (b) indicates the polymer coating applied to one face of the 
matiix, and (c) indicates the layer of bioadheslve polymer material. This embodiment limits tiie release of 
the medicament from tiie matrix only to that part not covered by the impermeable polymer material, so 
increasing the period of activity and considerably reducing the quantity of active substance normally 
absorbed by the palpebral conjunctiva to produce undesirable systemic effects. 

The therapy is therefore optimized In that the active substance is released mainly towards tiie corneal 
surface, to maintain effective therapeutic concentrations for a prolonged time, to obtain in the meantime a 
reduction in tiie systemic absorption which taices place trahsconjunctivaily. 

the tablets can also be of very different shape and size from that shown in the figure which is given by 
way of non-limiting example of the invention. 

In this respect, tiieir shape and size depend on the type of subject (human or animal) treated, it being 
apparent tiiat their optimum geometry must tal<e account of tiie eye size and its geometilcal characteristics 
(curvature, etc.). In tiie cylindrical embodiment for human use tiie tablet has the following dimensions: 

• diameter from 2 to 8 mm 
- height: from 0.1 to 2mm. 

In addition to the desaibed geometrical fohn, tablets of lenticular, oblong or otiier shapes can be 
produced, to also take account of the patiiologlcar symptoms to be treated and to make tiie tiierapeutic 
system less initating to the eye. 

The surface to be covered can also be slightly concave to enable the covering solution or suspension to 
more easily remain In situ. 

in forming the tablet fbr ophthalmic application, many aspects must be taken into account, and in 
particular: 

• tiie physico-chemical characteristics of the active substance (solubility, solution pH, distribution coefficient 
etc.); ^ 

• the characteristics of the polymer material (solubility, gelling properties on contact with water, bioad- 
hesiveness). 

In particular, in preparing the matrix (a), exclpients and/or lubricating, antiadhesion and binding additives 
are added in addition to ttie active substance, in order to give the mixture favourable characteristics under 
compression and/or compaction, 

A very large number of active substances can be used, such as pilocarpine, beta-blocklhg agents, 
steroid and non-steroid antiinflammatories, antibiotics, antivirals and their derivatives (salts, esters etc.), 
used singulariy or in association. 

Biocompatible and biodegradable polymers of different degrees of hydrophllism and solubility In water 
of aqueous fluids can be used as exclpients. Preferably but not limitatively, polyvinyl alcohols and 
polyacrylic acid of various molecular weights, hydroxymetiiylcellulose, hydroxypropylcellulose and cellulose 
derivatives of different molecular weights are used. 

Paraffins, magnesiurh stearate and glycerol mono-bi-tlpalmito-stearate are used as additives. 
. The matrices (a) are prepared using reciprocating or rotary compressing machines by methods well 
known to tiie experts of the art. or can be prepared by more complex and precise apparatus using suitable 
punches In relation to the geometical form required. 

The compression can be conducted by applying a pressure variable between 300 and 5000 kg/cm^ In 
relation to the required active substance release rate and tiie sensitivity of the mixture to compressive force. 

The matrices obtained in this manner are covered on one face by applying a coating (b) of polymer 
material which is impermeable or only slowly pennneable to aqueous liquids. This coating can be applied by 
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atomization or deposition of a solution or suspension of a suitable polymer material or other substances. 

Polymer materials usable for the layer (b) are chosen from polymethylmethacrylates, ethyiceliuiose, 
hydroxypropylcellulose and derivatives, and esters such as diethyl phthalate. ethyl acetate and butyl acetate 
can be used In mixture with the former. 
5 |n order to be able to recognise which is the coated face at the time of the therapeutic application, 
biocompatible colouring and/or opacifying substances can be added In accordance with the known art 

If the applied layer of polymer material does not have sufficient bioadheslveness towards the palpebral 
mucous membrane, a second layer (c) of btoadhesive polymer material is applied over the layer (b) to give 
the system the necessary adhesiveness. 
10 Suitable bioadhesive polymer materials include natural and/or synthetic poiycarboxyiic acids, alginic 
acid, carboxypolymethylene. hyaluronic acid, galacturonic acid arid other natural or synthetic materials. 

As in the case of the layer (b), the layer (c) is also applied by atomization or deposition of a solution or 
suspension of said polymer materials or other substances. 

The solution is prepared preferably using alcohols or ketones as solvents, and the suspension is 
IS prepared preferably using water as suspending agent. 

The polymer material content Is between 1 and 40% by weight in ail cases. 

Atomization is effected by spraying said solution or suspension using an air jet or an airiess gun. 

Deposition Is effected by gravity fall, metering a defined quantity of solution or suspension. 

In addition to application by atomization or deposition of a polymer solution, layers (b) and (c) can be 
20 applied by compression. 

the tablets according to the invention enable tfie quantity and rate of release of the active substance to 
be varied In tiiat lipidic additives can be added to ttie mixture to reduce the rate at which the medicament 
diffuses and dissolves. Furtiier control can be obtained by limiting ttiat surface area of the tablets which is 
not coated with Impermeable polymer material. 
25 In addition the presence of the bioadhesive polymer layer enables the tablet to remain In situ, so 
ensuring correct application within a limited region of the eye and a prolongation of activity. 

The following example of the preparation of tablets according to tiie invention is given by way of non- 
limiting illustration. 

30 

EXAMPLE 1 • 



Preparation of tablets for ophthalmic use containing pilocarpine nitrate as active substarice 
1st stage: Preparation of tiie matrix (a). 



The fbliowing product quantities were used to prepare 1000 matrices: 

40 





Pilocarpine nitrate 


1300 mg 




Glycerol mohb-di-tripalmitd-stearate (Precirol ATO 5 Gattefossd) 


2600 mg 




Lactose 


2500 mg 


45 


Hydroxyprbpyimethyicellulbse (HPC M.W 100,000 • Jansen B) 


9600 mg 



The Precirol was melted In a porcelain dish over a water bath at a temperature less than 45* C and the 
pilocarpine nitrate was added while stinring, to obtain a homogeneous mass which was allowed to cool to 
ambient temperature and then passed through a 50 mesh stainless steel sieve. Lactose previously sieved 
^ tiirbugh a 50 mesh sieve was added to tiie granular product pbtaihed and tiie mixture was stirred until 
homogeneous. The mixture was ttien transferred Into a container and tiie previously sieved hydroxypropyl- 
cellulose was added, and the mixture again stirred until homogeneous. 

The granulate obtained was then compressed using flat punches of 5.5 mm diameter and operating at 
different pressure levels from 500 to 3000 kg/cm^. 
^ The geometrical characteristics of the matrix obtained are as follows: 
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diameter 


5.5 mm 


thickness 


0.6 mm 


total surface area 


57.86 mm*. 


surface area of one face 


23.76 mm2. 



2nd stage: coating one face of the matrix (a) with the layer (b) 

A series of matrices prepared in accordance with the preceding stage were coated on one face with a 
solution of the following composition: 
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Acrylic copolymer (Eudragit RS • Rohm Pharma) 


20 g 


Oiethylphthalate 


2.0 g ' 


Ethyl acetate 


12 g 


Butyl acetate 


13 g 


Toluene 


41 g 



One drop of the aforesaid solution was deposited on that face to be coated, in impermeable film then 
being formed by spontaneous evaporation of the solvent. 

The solution was applied a second time to obtain a film of thicloiess between 10 and 30 microns. 



3rd stage; coating layer (b) with a layer- (c) of bioadhesive polymers 

A layer (c) of bioadhesive polymer material was applied to that matrix face previously coated with the 
impermeable layer (b), using the aforesaid procedure. 
A solution was used having the following composition: 
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Carboxypoiymethylene (carbopol 940, Goodrich - USA) 
95* ethanol 



5g 
95 g 



A layer (c) of negiigible thickness was obtained which had good bioadhesive properties when in contact 
with the palpebral mucous membrane. 



Evaluation of activity of the tablets of Example 1 

The miotic activity determined by the release of the active substance from the tablets of Example 1 was 
evaluated on the rabbit, specifically using for each trial 8 male albino rabbits of weight 3. kg. 

The tablets were placed in the fower conjunctival sac of one eye of the rabbit, keeping the other eye as 
control. 

The trial was conducted both using tablets coated with layers (b) and (c) using uncoated tablets. 

Tables 1 and 2 show the variation of pupil diameter (difference with respect to Initial value) with time 
and the area under the activity/time curve (AUG) for the uncoated tablets and for the tablets coated with 
layers (b) and (c) respectively. 
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TABLE 1 



Uncoated tablets 


TIME 


AO (mm) 


(minutes) 




0 


0 


10 


.5833 


30 


1.416 


45 


2 


60 


1.666 


90 


1.833 


120 


1.916 


150 


2.083 


180 


2.333 


210 


2.083 


240 


1.75 


270 


1.5 


300 


1.5 


330 


1.25 


360 


1.416 


390 


.75 


420 


.3333 


Maximum pupil 


diameter variation 


(AOmax) 2.333 mm 


reached after 180 


minutes. 




Area under curve 


(AUG) 126 cm2. 
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TABLE 2 



10 



IS 



25 



35 



Tablets coated with 


layers (b) and (c) 


TIMP 
1 IIVIC 




/mini itae\ 




0 


0 


10 


.75 


30 


2.375 


45 


3 


60 


2^ 


90 


2.625 


120 


2.625 


150 


2.75 


180 


2.75 


210 


2.25 


240 


2.75 


270 


2.75 


300 


2.125 


330 


1.125 


360 


^.S 


390 


1.375 


420 


.25 


Maximum pupil 


diameter variation 


3.0 mm reached 


after 45 minuteis. 


In addition, a AO 


value exceeding 2.0 


mm was maintained 


until 300 minutes. 


Area under curve 


(AUC)188cm2. 



It is apparent that applying the impermeable and bioadhesive layers r0suits in more rapid onset of the 
phamnacoiogical effect, which is maintained for a longer time than with the same tablet uncoated. 
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. Claims 

1. A tablet for ophthalmic use with controlled release of the active substance, characterised by: 
45 • a matrix (a) of defined geometrical fomn containing the active substance and excipients and/or 

additives able to give the mixture the characteristics necessary for its compression; 

• a polymer coating (b) applied to a portion of the surface of said matrix such as to make the coated 
matrix portion Impermeable or slowly permeable; 

• a possible layer (c) of bioadhesive polymer material applied to said coating (b). 

so 

Z A tablet as claimed In claim 1, characterised in that said active substance Is pilocarpine, a beta- 
blocicing agent, a steroid or non-steroid antiinflammatory, an antibiotic or an antiviral, said substances being 
used singularly or in association. 

3. A tablet as claimed in claim 1, characterised in that said excipients are biocompatible polymer 
55 materials such as poiyacryllc add of various molecular weights, polyvlnylalcohol of different molecular 

weights, hydroxypropylcellulose and hydroxymethylcellulose. 

4. A tablet as claimed in claim 1, characterised in that said additives are paraffins, magnesium stearate 
and glycerol moho-bi-tripalmito-stearate. 
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5. A tablet as claimed In claim 1. diaracterlsed in that biocompatible poiymer materials such as 
polymethylmethacrylates, ethyicellulose and hydroxypropylcellulose are used for the coating (b). 

6. A tablet as claimed in claim 1, characterised in that said bioadhesive poiymer materials are natural 
and/or synthetic polycarboxylic acids, hyaluronic add, polyacrylic acid, aiginic acid,carboxypoIy-methylene 

5 and polygalacturonic acid. 

7. A tablet as claimed In claim 1, characterised by being of cylindrical, lenticular or oblong shape. 

8. A method for preparing tablets for ophthalmic use with controlled release of the active substance, 
comprising: 

• a matrix (a) of defined geometrical form containing the active substance and exclpients and/or additives 
70 able to give the mixture the characteristics necessary for Its compression; 

- a poiymer coating (b) applied to a portion of the surface of said matrix such as to make the coated matrix 
portion impermeable or slowly permeable; 

• a possible layer (c) of bioadhesive polymer material applied to said coating (b); 

characterised in that said matrix (a) Is prepared by compression to between 300 and 5000 leg/cm^, and that 
IS said coating (b) and said layer (c) are applied by compression of the polymer material or by atomization or 
deposition of a solution or suspension of said material. 

9. A method as claimed in claim 8, characterised in that said solution of polymer material Is prepared 
using alcohols or ketones as solvents, with a polymer material content of between 1 and 40% by weight 

10. A method as claimed in claim 8, characterised In that said suspension of polymer material' is 
20 prepared using water as suspending agent, with a polymer material content of between 1 and 40% l>y 

weight. 

11. A method as claimed in claim 8. characterised in that said atomization Is effected by spraying said 
solution or suspension using an air jet or an airiess gun, at ambient temperature. 

12. A method as claimed Jn claim 8. characterised in that said deposition is effected by gravity fall, 
25 metering a defined quantity of said solution or suspension, at ambient temperature. 

Claims for the following Contracting States: GR.ES 

30 1. A method for preparing tablets for ophthalmic use with controlled release of tiie active substance, 
comprising: 

- a matrix (a) of defined geometrical form containing the active substance and exclpients and/or additives 
able to give the mixture tiie characteristics necessary for its compression; 

- a polymer coating (b) applied to a portion of the surface of said matrix such as to make the coated matrix 
35 portion impermeable or slowly permeable; 

• a possible layer (c) of bioadhesive polymer material applied to said coating (b); 

characterised In that said matrix (a) is prepared by compression to between 300 and 5000 kg/cm^. and that 
said coating (b) and said layer (c) are applied by compression of the polymer material or by atomization or 
deposition of a solution or suspension of said material. 
40 2. A metiiod as claimed in claim 1. characterised in that said solution of polymer material is prepared 
using alcohols or ketones as solvents, with a poiymer material content of between 1 and 40% by weight. 

3. A metiiod as claimed in claim 1. characterised in that said suspension of polymer material is 
prepared using water as suspending agent, with a polymer material content of between 1 and 40% by 
weight. 

45 4. A method as claimed in claim 1, characterised In that safd atomization is effected by spraying said 
solution or suspension using an air jet or an airless gun, at ambient temperature. 

5. A metiiod as claimed in claim 1, characterised in that said deposition is effected by gravity fail, 
metering a defined quantity of said solution or suspension, at ambient ternperature. 
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